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Proteomic analysis identified N-cadherin, clusterin, and

HSP27 as mediators of SPARC (secreted protein, acidic

and rich in cysteines) activity in melanoma cells
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Secreted protein, acidic and rich in cysteines (SPARC) is a secreted protein associated with
increased aggressiveness of different human cancer types. In order to identify downstream
mediators of SPARC activity, we performed a 2-DE proteomic analysis of human melanoma cells
following antisense-mediated downregulation of SPARC expression. We found 23/504 differential
spots, 15 of which were identified by peptide fingerprinting analysis. Three of the differential
proteins (N-cadherin (N-CAD), clusterin (CLU), and HSP27) were validated by immunoblotting,
confirming decreased levels of N-CAD and CLU and increased amounts of HSP27 in conditioned
media of cells with diminished SPARC expression. Furthermore, transient knock down of SPARC
expression in melanoma cells following adenoviral-mediated transfer of antisense RNA confirmed
these changes. We next developed two different RNAs against SPARC that were able to inhibit in
vivo melanoma cell growth. Immunoblotting of the secreted fraction of RNAi-transfected mela-
noma cells confirmed that downregulation of SPARC expression promoted decreased levels of N-
CAD and CLU and increased secretion of HSP27. Transient re-expression of SPARC in SPARC-
downregulated cells reverted extracellular N-CAD, CLU, and HSP27 to levels similar to those in
the control. These results constitute the first evidence that SPARC, N-CAD, CLU, and HSP27
converge in a unique molecular network in melanoma cells.
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1 Introduction

Secreted protein, acidic and rich in cysteine (SPARC), also
named osteonectin or BM40, is a glycoprotein that belongs to
the family of matricellular proteins [1]. SPARC is expressed

during embryonic development in cartilage and bone while
in the normal adult, expression of SPARC is limited to tis-
sues involved in repair and remodeling, such as wound
healing processes [2]. In fibroblasts and endothelial cells,
SPARC acts generally as a cell cycle inhibitor that arrests
cells in mid-G1, delaying progression to S-phase [3–5].
SPARC has also been described as a de-adhesive protein, as it
inhibits cell spreading and induces cell rounding in certain
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cell types, disruption of focal adhesion complexes, and reor-
ganization of actin stress fibers [6], at least in part through
direct interaction with integrin-linked kinase [7]. Interest-
ingly, pathologies such as cancer where there is a misbalance
in cell attachment, growth, and/or invasive capacity are
characterized in general by abnormally elevated SPARC
expression [8]. In fact, in recent years, SPARC has been
described as a marker of malignancy in several cancer line-
ages [1]. Elevated levels of SPARC in human cancer originate
either in malignant cells themselves or in associated stromal
cells, depending on the cancer type. In those of ectodermal
origin (such as melanoma and glioma) malignant cells
express elevated levels of SPARC [9, 10]. In contrast, in sev-
eral adenocarcinomas, SPARC is mainly produced by stro-
mal cells [11], while its expression in malignant cells is
thought to be repressed by promoter hypermethylation [12].
This lineage-dependent heterogeneity in SPARC production
may account for the apparently contradictory effects of
SPARC in different cancer lineages. For example, SPARC
expression by melanoma and glioma cells has been linked to
an aggressive phenotype in vivo [10, 13]. Moreover, soluble
SPARC has been shown to promote migration of malignant
cells and chemotaxis to bone extracts indicating that SPARC
might promote metastatic dissemination [14, 15]. In con-
trast, ectopic overexpression of SPARC in ovarian carcinoma
cells led to increased tumor cell apoptosis, and inhibition of
in vivo tumor growth [16, 17]. In addition, SPARC was shown
to inhibit neuroblastoma in vivo growth through the inhibi-
tion of tumor-associated angiogenesis [18]. Our own studies
have demonstrated that knock down of SPARC expression in
human melanoma cells obliterated in vivo tumor growth
through a mechanism that involved the activation of poly-
morphonuclear cell antitumoral activity [13, 19]. Indeed, we
demonstrated that IIB-MEL-LES-derived human melanoma
cell line L-CMV generated solid tumors in nude mice, while
its counterpart with 80% lower SPARC expression, the cell
clone L-1D, was completely unable to grow as solid tumor in
vivo. In addition, downregulation of SPARC expression
greatly impaired melanoma cell migration and invasive ca-
pacity suggesting that different effectors might mediate the
diversity of SPARC pro-tumorigenic effects [13].

Thus, SPARC seems to be involved in tumor progression
through different molecular mechanisms depending on the
tumor lineage. While some of these effects might be directly
ascribed to SPARC, it is still unclear whether part of SPARC
effects might be related to downstream effectors of the pro-
tein, acting on the malignant cells themselves or adjacent
stromal cells. We envisioned that a proteomic analysis of pro-
teins released to the extracellular medium (secretome) fol-
lowing modulation of SPARC expression in melanoma cells
might provide clues on the potential molecular mediators and
mechanisms by which this protein might act. By using a pro-
teomics approach and three different strategies to knock
down SPARC expression, we identified N-cadherin (N-CAD),
clusterin (CLU), and HSP27 as potential downstream media-
tors of SPARC tumorigenic effects in melanoma cells.

2 Materials and methods

2.1 Cell culture

Melanoma cell lines and clones were grown in DMEM/F12
containing no transferrin or epidermal growth factor, and
supplemented with 10% v/v FBS and antibiotics. L-1D and L-
CMV cells were obtained as described in [13]. Briefly, human
melanoma cell line IIB-MEL-LES [20] were transfected with
Rc/CMV vector (Invitrogen, San Diego, CA) carrying SPARC
full-length cDNA cloned in antisense orientation. Clone L-
1D was derived from the stably transfected bulk culture by
limited dilution. The control L-CMV cell line was generated
by stable transfection of IIB-MEL-LES cells with an empty
Rc/CMV vector. Both L-CMV and L-1D cells were thawed
from original stocks, selected in G418 and routinely checked
for SPARC production. All cells were maintained in culture
for no longer than five passages.

2.2 Preparation of human melanoma conditioned

media

Cells were seeded according to similar percentages of con-
fluency. Taking into account differences in spreading be-
tween L-CMV and L-1D, 56106 L-CMV and 3.56106 L-1D
cells were seeded in 150 mm plates, grown for 24 h in
serum-containing medium, washed three times with PBS
and kept in serum-free medium for additional 24 h. Media
were collected and cleared by centrifugation. Resulting
supernatants were supplemented with 0.01 mM aprotinine,
1 mM leupeptin, 130 mM bestatin, 1 mM pepstatin, 1 mM
PMSF, and 0.14 mM E-64, and concentrated 60-fold in a
Centriprep-3 (Millipore, Billerica, MA). Proteins were pre-
cipitated with 10% v/v TCA/acetone and the resulting pellet
was solubilized in lysis buffer (7 M urea, 4% w/v, CHAPS,
2 M thiourea, 2 mM TCEP-HCl, 0.5% v/v IPG buffer range
3–10) by shaking during 2 h at room temperature. Protein
concentration was assessed with 2D-Quant Kit (GE Health-
care, Piscataway, NJ).

2.3 2-DE

2-DE was performed as described in [21], with minor mod-
ifications. Briefly, samples (60 mg total protein) were diluted
in rehydration solution (7 M urea, 2 M thiourea, 2% w/v
CHAPS, 0.5% v/v IPG buffer range 3–10, 50 mM DTT) and
applied by in-gel rehydration into 18 cm, pH 4–7 IPG strips
(GE Healthcare). IEF was performed in an Ettan IPGphor
system (GE Healthcare) according to manufacturer’s
instructions. After IEF, strips were incubated for 15 min in
equilibration buffer (50 mM Tris-HCl, 6 M urea, 30% v/v
glycerol, 2% w/v SDS, 0.005% w/v bromophenol blue) con-
taining 1% w/v DTT, followed by a second 15 min-incuba-
tion with 4% w/v iodoacetamide in equilibration buffer. Sec-
ond dimension (SDS-PAGE) was performed in a four-gel
array using a Hoefer 660 electrophoresis unit (GE Health-
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care). IPG strip ends were clipped to fit gel width and loaded
into 18616 cm2 12.5% SDS-polyacrylamide gels. After the
run, spots were detected using MS-compatible silver nitrate
staining [22].

2.4 Data analysis and statistics of 2-DE data

Silver-stained gels were scanned in an image scanner and
analyzed with ImageMaster 2D Elite 3.10 software (both
from GE Healthcare). Spots were automatically detected,
manually edited, and matched between gels. Spot volumes
were then normalized to the sum of volumes of spots present
in all gels. Normalized volumes for technical replicates were
averaged. Statistic significance of differences between aver-
age spot volumes in each condition was estimated using
Welch-modified Student’s t-test, and Wilcoxon’s rank sum
test. Normalization and inference statistics were performed
under R-System V2.1.1 (R Development Core Team. 2005. R:
A language and environment for statistical computing.
Vienna, Austria: R Foundation for Statistical Computing).

2.5 In-gel digestion and peptide mass fingerprint by

MALDI-TOF MS

In-gel tryptic digestion of differential 2-DE spots was auto-
matically performed in an Investigator ProGest unit (Geno-
mic Solutions, Cambridgeshire, UK), according to Shev-
chenko et al. [23], with some modifications. Protein spots
were excised from silver stained gels and washed once with
Milli-Q water and twice with 50% ACN for 15 min. Gel pie-
ces were washed with a 1:1 solution of 0.1 M NH4HCO3 and
ACN for 15 min and then incubated in 10 mM DTT/0.1 M
NH4HCO3 for 30 min at 567C followed by incubation in
55 mM iodoacetamide/0.1 M NH4HCO3 for 20 min at room
temperature. Supernatants were discarded and gel pieces
were washed with 100 mL NH4HCO3, followed by two washes
with 100 mL of 25 mM NH4HCO3 in 50% ACN. Supernatants
were again discarded and gel pieces were rehydrated with
trypsin digestion buffer (50 mM NH4HCO3, 5 mM CaCl2).
For trypsin digestion, 10 ng/mL of modified porcine trypsin
(Promega, Madison, USA) were added in a final volume of
20 mL. Gel pieces were incubated at 47C for 45 min, after
which 25 mM NH4HCO3 was added, and tubes were further
incubated overnight at 377C. The supernatant was trans-
ferred into a clean tube and the residual gel pieces were
extracted twice in 50% ACN and 0.5% TFA. Supernatant and
extracts were pooled into one tube, dried by vacuum cen-
trifugation and reconstituted in 10 mL of 0.1% v/v TFA
in 33% v/v aqueous ACN. Subsequently, the digested
mixture (0.4 mL) were mixed with equal volume of CHCA
(0.3 mg/mL in 30% ACN, 0.1% TFA).

A 0.4 mL-aliquot of each peptide mixture was deposited
onto an AnchorChip MALDI target (Bruker Daltonics, Bre-
men, Germany) and allowed to dry at room temperature.
Peptide spectra were obtained on a Reflex IV MALDI-TOF
mass spectrometer (Bruker Daltonics) equipped with a

SCOUT source in positive-ion reflector mode. Ion accelera-
tion voltage was set at 25 kV. Spectra were processed using
Xtof 5.1.1 software that analyses raw XMASS data generated
by FLEXControl 1.1 (Bruker Daltonics). For peak list genera-
tion, each spectrum was processed by subtracting the base-
line and then internally calibrating using trypsin autopro-
teolysis signals, specifically 842.510 and 2211.105 Da pep-
tides, in the 800–2600 m/z range. For protein identification,
the nonredundant NCBI database was searched using MAS-
COT 2.1 (www.matrixscience.com) through the BioTools 2.1
interface provided by Bruker Daltonics (see versions in
Table 1). Search parameters were set as follows: carbamido-
methyl cysteine as fixed modification, oxidized methionine
as variable modification, peptide mass tolerance 80 ppm and
one missed trypsin cleavage site.

2.6 Immunoblotting analysis

Protein samples were separated in a 12% SDS-polyacryl-
amide gel and transferred onto PVDF membranes using a
Trans-blot apparatus (BioRad, Hercules, CA). Total protein
staining on transferred membranes (with Ponceau S) and on
a gel run in parallel and stained with Sypro Ruby were used
to control for uniform loading. Membranes were blocked
with 5% w/v skim milk in PBS with 0.05% v/v Tween 20 and
incubated for 2 h in appropriate dilutions of mouse mono-
clonal anti-SPARC antibody AON-1 (hybridoma purchased
to Developmental Studies Hybridoma Bank, Iowa City, IA) or
the following polyclonal antibodies: rabbit anti-N-CAD (H-63
Santa Cruz Biotechnology, Santa Cruz, CA), rabbit anti-CLU
(H-330 Santa Cruz Biotechnology), and mouse anti-HSP27
(F-4 Santa Cruz Biotechnology). After extensive washing,
membranes were incubated with peroxidase-conjugated
AffiniPure Goat antimouse IgG (1:2500, Jackson Immunor-
esearch Laboratories) or peroxidase-conjugated AffiniPure
goat anti-rabbit IgG (1:1700, Jackson Immunoresearch
Laboratories) for 45 min, and washed before detection by
ECL chemiluminescence (GE Healthcare). OD of bands was
measured using Image J (Rasband WS. Image J. Bethesda,
Maryland, USA: U. S. National Institutes of Health). Values
were normalized according to total protein loading and
expressed as percentage of the density corresponding to the
control cell line. The Student’s t-test (in the case of compar-
ison of two samples) and the unpaired analysis of variance
(ANOVA) test with Dunnett post-test (for three-way compar-
isons) were used for calculation of statistical significance.

2.7 Flow cytometry

For flow cytometry analysis, L-CMV and L-1D cells grown for
24 h in medium supplemented with 10% v/v FBS were
washed and detached with 1.25 mM EDTA in PBS. After
washing with ice-cold medium, cells were initially incubated
with 10% v/v goat normal serum in PBA (PBS, 5 mg/mL
BSA, 0.01% w/v sodium azide) for 30 min followed by addi-
tional 30 min incubation with a 2 mg/mL of monoclonal anti-
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N-CAD antibody (anti-A-CAM, clone CG-4, Sigma, St. Louis,
MO). Cells were washed twice with PBA and fixed in 4% w/v
paraformaldehyde in PBS for 10 min at room temperature.
After washing with PBA, samples were incubated for 30 min
with a secondary goat antimouse IgG antibody conjugated to
Alexa Fluor 488 (Molecular Probes, Eugene, OR) diluted in
PBA (at 2 mg/mL). Cells were extensively washed, resus-
pended in PBS and subjected to flow cytometry using a
FACStar Plus flow cytometer (BD Biosciences, San Jose, CA).
Unless otherwise specified, all steps were performed at 47C.

2.8 Immunofluorescence

For immunofluorescence assay, L-CMV and L-1D cells were
seeded in cover slides and grown as described above. After
48 h, cells were washed twice with PBS, fixed in 4% w/v
paraformaldehyde, washed four times with PBS, blocked
with 1% v/v donkey serum in PBS for 1 h, and incubated
overnight with rabbit anti-N-CAD antibody (H-63, Santa
Cruz Biotechnology) diluted 1:50 in blocking solution. After
this step, cells were washed twice with PBS and incubated for
2 h in Cy2-conjugated donkey antirabbit antibody in a 1:200
dilution in PBS (Jackson Immunoresearch, West Grove, PA).
Samples were washed with 0.01% v/v Tween-20 containing
PBS and then incubated for 10 min with 10 mM Hoescht
33258 in PBS to stain nuclei. After washing, slides were
mounted with Fluorsave (Calbiochem, EMD Biosciences, La
Jolla, CA) and evaluated by a LSM 510 confocal microscopy
(Carl Zeiss, Göttingen, Germany).

2.9 Studies with adenoviral vectors

Adenovirus carrying SPARC cDNA in sense orientation (Ad-
SPs), antisense orientation (Ad-SPas), or bgal (Ad-bgal) were
obtained as described in [19]. Concentration of recombinant
vectors was expressed as 50% tissue culture infective dose per
milliliter on HEK 293 cells (TCID50/mL) [24]. For prepara-
tion of conditioned media and cell transduction, 2.56105 L-
CMV and 2.06105 L-1D cells were seeded in 35 mm plates
and grown in serum-containing medium as described above.
After 24 h, cell transduction was carried out using 16109

TCID50/mL during 6 h in serum-free medium. Cells were
then kept in 10% v/v FBS-supplemented culture medium for
18 h, washed three times with PBS, and kept in serum-free
medium for additional 24 h. Conditioned media were sup-
plemented with the previously described protease inhibitor
cocktail. Protein concentration was performed using the
Nano Orange Kit (Molecular Probes).

2.10 RNAi design, construction, and stable

transfection of melanoma cells

A DNA vector-based siRNA was designed to stably knock
down the expression of SPARC in melanoma cell lines.
Design of specific siRNA was done using GenScript Target
Finder (www.genscript.com/ssl-bin/app/rnai). BLAST

search was used for selecting two target noncrossmatching
sequences among the siRNA candidates generated. The
21-nucleotide target sequences starting at base 321 (50- CCA-
GAACCACCACTGCAAAC-30) and base 2175 (50-TCTT-
AGTCTTAGTCACCTTAT-30) of the human SPARC mRNA
were ordered as siRNA expression cassettes with a human
U6 promoter. For cloning into an expression vector, a version
of pcDNA6-V5-His-B vector (Invitrogen, Carlsbead, MA)
lacking the CMV promoter was generated by digestion with
NheI and BglII, complete filling in and relegation, and
named pBLAST. Each siRNA cassette was digested and
cloned into MluI and HindIII sites of pBLAST. The resulting
siRNA vectors were named pSP321 and pSP2175.

Vectors pSP2175, pSP321, and pBlast were transfected
into human melanoma cells using Lipofectamine 2000
(Invitrogen) according to manufacturer’s recommendations.
Briefly, cells at 85% confluence in 24-well plates were trans-
fected with a mixture of 1 mg plasmid and 3 mL Lipofect-
amine 2000. Thirty-six hours after transfection, cells were
seeded at a 1:10 dilution into fresh growth medium supple-
mented with 1 mg/mL of blasticidin and allowed to grow for
at least three passages in selective medium. In this way,
L-2175, L-321, and LBLAST cell lines were generated. To
evaluate the stable knockdown of SPARC expression, 1 mg of
total protein obtained from 24 h-conditioned serum-free
medium from each transfection were used in immunoblot-
ting analysis with an anti-SPARC antibody (see above). Iso-
lation of stable individual clones with downregulated SPARC
expression was carried out by limiting dilution of cell lines L-
2175 and L-321 using 1–5 mg/mL blasticidin in culture me-
dium. Clones L2F6 (from L-2175 cells) and L3B9 (from L-321
cells), with different degrees of SPARC downregulation,
were routinely maintained in selective media during further
studies.

2.11 Northern blot analysis

Total RNA was extracted from LBLAST, L2F6, and L3B9 cells
using Tri Reagent (Sigma) and a standard protocol [25]. Fif-
teen micrograms aliquots were subjected to electrophoresis
on 1% w/v agarose, 18% v/v formaldehyde, 1X MOPS gels
and transferred to Hybond-N1 nylon membranes (GE
Healthcare) overnight in 20X SSC according to standard
upward capillary blot procedure. Following prehybridization
in 1% w/v bSA, 0.5 M phosphate buffer, pH 7.4, 1 mM
EDTA, 7% w/v SDS, the RNA blots were hybridized with a
SPARC cDNA probe labeled with (32P)-dCTP by random
primer labeling. The membranes were rehybridized with a
36B4 cDNA probe for normalization of loading levels. Gene
expression levels of SPARC were quantified by densitometry
of bands and normalized against 36B4.

2.12 In vivo assays

Eight to ten weeks old athymic N:NIH(S)-nu mice, received
s.c. inocula of 56106 melanoma cells (either LBLAST, L2F6,
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or L3B9) in the left flank, in a total volume of 100mL. Per-
pendicular diameters were used to determine tumor volume,
as d126d2/2, where d1 is the smaller diameter and d2 is the
larger one. Surviving mice were followed for 2 months and
those harboring tumors greater than 2 cm3 were euthanized
following institutional guidelines approved by NIH author-
ities.

3 Results

3.1 Secretome analysis of cell lines with differential

SPARC expression reveals SPARC-regulated

proteins

Conditioned media were obtained from the human mela-
noma cell clone L-1D expressing around 20% of the amount
of SPARC expressed by control cells due to the stable
expression of SPARC-antisense RNA. These conditioned
media were compared with conditioned media obtained
form control melanoma cells stably transfected with the
empty vector (see Section 2 for details).

A set of four analytical gels, each with 60 mg of total pro-
tein precipitated from independently conditioned media
(biological replicates), was run for each condition analyzed
(L-CMV and L-1D). An average of 598 protein spots in each L-
CMV gel (range 470–757) and 564 spots in each L-1D gel
(range 470–633) were detected and matched, and spot
volumes were normalized to the sum of volumes of all

matched spots on the gel (504 spots). Normalized volumes
for individual spots were then averaged over replicates and
differences in averaged normalized volumes were statisti-
cally analyzed as described in Section 2. Twenty-three spots
were selected as differential (p,0.05) between L-CMV and
L-1D using a Student t-test (Fig. 1 and Table 1). Seven of
these 23 spots were also significantly different according to
the nonparametric Wilcoxon test (Table 1). Peptide finger-
printing analysis of the 23 differential spots resulted in a total
of 15 reliable identifications of 12 proteins, including
SPARC. Table 1 summarizes 2-DE and MS data obtained for
the differential spots. One remarkable finding was the dif-
ferential levels of collagens I and V in SPARC-downregulated
cells. As it is thoroughly established that SPARC regulates
collagen levels and assembly [26, 27], our results render our
experimental approach as valid to detect differences in
expression levels of SPARC-regulated proteins.

From the differential spots listed in Table 1, we selected
for technical validation three putative SPARC targets: N-
CAD, CLU and HSP27. Secretion of N-CAD and CLU was
significantly diminished following stable knock down of
SPARC expression; under the same conditions, we observed
increased levels of secreted HSP27 (Fig. 2A). In order to
technically validate these differences we performed an
immunoblotting analysis using specific antibodies on three
independent preparations of conditioned media. Densito-
metric analysis confirmed the diminished secretion of N-
CAD and CLU (Fig. 2B). Accordingly, galectin-1, whose spots
were not statistically significant by 2-DE analysis, was also

Figure 1. Differential secretome analysis of melanoma cells with modulated SPARC expression levels. Representative 2-D gels from con-
ditioned media of L-CMV (left) and L-1D (right) in a pH range 4–7, stained with silver nitrate. Differential spots (t-test p,0.05) are indicated in
boxes numbered as in Table 1.
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Table 1. List of differential spots in the secretome of L-CMV and L-1D human melanoma cells with modulated SPARC activity

Spot
No.a)

Acc. no.
(gi)b)

Protein
identification

Log2 Fold
Changeb)

Theoretical
Mr (x10-3)/pl

p
(Student-t)

p (Wilcoxon) MASCOTc) % Pept.
coveraged)

M)U
peptidese)

1 178855 CLU, b chain 23.1 26/5.2 0.0471 NS 73 20 5)9
2 178855 CLU, a chain 22.0 23/8.2 0.0424 NS 94 36 5)0
3 51105874 Secernin 1 23.0 47/4.4 0.0170 NS 134 22 7)1
4 4507171 SPARC 21.8 33/4.7 0.0181 NS 160 49 9)1
5 38014150 Collagen, type V,

a 1 chain
21.7 59/4.9 0.0228 0.0286 96 14 6)1

6 253483 N-CAD 21.5 100/4.6 0.0089 0.0286 80 10 6)1
7 N/I 21.4 0.0103 NS
8 N/I 21.3 0.0110 0.0286
9 37790800 Renin, chain B 21.0 45/6.7 0.0177 0.0286 145 25 9)3
10 37790800 Renin 20.6 45/6.1 0.0414 NS 179 15 6)2
11 7428712 Cytokeratin I, type II 21.0 66/6.0 0.0439 NS 104 13 5)1
12 N/I 22.8 0.0243 NS
13 N/I 21.3 0.0485 NS
14 N/I 22.4 0.0132 NS
15 14250401 b-actin 0.7 41/4.9 0.0158 NS 125 22 4)1
16 662841 HSP27 1.1 22/7.8 0.0283 0.0286 79f) 22 3)0
17 2388555 Collagen, type I,

a-2 chain
1.3 112/9.0 0.0347 0.0286 75 8 6)0

18 14250063 Peroxiredoxin 3 1.3 28/7.1 0.0280 NS 73 26 6)16
19 N/I 1.6 0.0075 0.0286
20 N/I 1.7 0.0375 NS
21 567053 b-5 tubulin 1.9 50/4.5 0.0040 NS 181 27 11)2
22 4930075 p32, chain C 2.0 24/4.1 0.0390 NS 89 30 4)0
23 N/I 3.2 0.0062 NS

a) Spot numbers correspond with the gel image in Fig. 1.
b) Fold-change is expressed as base 2 logarithmic ratios, that is, log 2 (L-1D/L-CMV). As a reference, a two-fold increase in L-1D respect to

L-CMV corresponds to a value of 1 in the table, whereas a two-fold decrease in L-1D respect to L-CMV corresponds to –1 in the table.
c) MASCOT score correspond to MOWSE score as informed by MASCOT. The following NrNCBI database versions were used: 20030816,

20040324, 20041019.
d) % pept. cov.: percent coverage of peptide sequence. Note that some identifications correspond to fragments of smaller size than the

expected length of the protein sequence deposited in NCBI data bank; however, % of sequence coverage was calculated using the
complete deposited sequence for standardization purposes. It is expected, then, that some identified spots have higher % of real cov-
erage (i.e., spots 5, 6, 11, 17).

e) M)U peptides: matched)unmatched peptides.
f) For this spot additional MS/MS information has been obtained in a MALDI TOF/TOF instrument (Ultraflex, Bruker; courtesy Emilio

Camafeita, CNIC, Madrid), with the following results: MASCOT fragmentation score 126; sequence of the 1163 Da fragmented peptide:
LFDQAFGLPR; number of assigned/total peptides in fragmentation spectrum: 28/104.
N/I, not identified; NS, not significant in statistical tests alternative to Student t-test (p.0.05). Validated proteins are shadowed in gray.

not significantly different by immunoblotting analysis (not
shown). Real-time PCR experiments indicate that changes in
extracellular protein levels are not always correlated with
mRNA levels of these proteins (Fig. 1 of Supporting Infor-
mation).

3.2 Membrane N-CAD is also differentially expressed

in L-1D and L-CMV cells

The form of N-CAD that was found differential in 2-D gels
had a molecular weight of 24 kDa and corresponded to a
fragment of the extracellular domain of N-CAD (Fig. 2 of
Supporting Information). However, immunoblotting using

an anti-N-CAD polyclonal antiserum failed to detect this low
molecular weight form. Instead, a 90 kDa fragment, corre-
sponding to the complete extracellular domain, was detected
as differential by this antibody. Previous work has shown that
N-CAD extracellular domain is susceptible to specific cleav-
age by ADAM-10 metalloprotease ([28], see Section 4),
releasing a soluble form of N-CAD that retains adhesive and
neurite-promoting function [29, 30]. In order to see if differ-
ential levels of N-CAD in these cell types were restricted to its
soluble form or, in contrast, reflect an overall regulation of N-
CAD expression, we assessed whether the differences in
secreted N-CAD levels correlated with differences in expres-
sion levels of membrane N-CAD. Flow cytometry analysis
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Figure 2. Relative quantitative comparison among 2-DE and
immunoblotting data for the validated proteins N-CAD, HSP27,
and CLU in L-1D and L-CMV conditioned media. (A) Normalized
volume of spots in scanned 2D-gels. CLU, a heterodimer, ren-
dered two differential spots corresponding to its different mono-
mers, a and b. Data shown represent the average of four biologi-
cal replicates. (B) Relative optical densities of scanned immuno-
blotting bands. Values were first normalized to optical densities
corresponding to total protein loading, as evaluated by a parallel
gel stained with Sypro Ruby. Data shown represent the average
of three biological replicates. A representative immunoblot
image is shown for each protein, along with a representative
loading control of total protein stained with Sypro Ruby. Aster-
isks indicate statistically significant differences (*: t-test p,0.05;
**: t-test p,0.01).

showed decreased N-CAD cell surface expression levels in L-
1D cells compared to control L-CMV cells (Fig. 3A). More-
over, confocal microscopy demonstrated a decrease in the
overall fluorescent intensity specific for N-CAD in L-1D cells

respect to L-CMV cells (Fig. 3B). In addition, immunoblot-
ting analysis of cell extracts also showed lower levels of a
band of 113 kDa (corresponding to the size of the mem-
brane-associated form of N-CAD) in L-1D cells compared
with L-CMV cells (not shown).

3.3 Re-expression of SPARC in L-1D clone restores

levels of extracellular N-CAD, CLU and HSP27

In order to further confirm that SPARC was responsible for
the changes in the secreted levels of the three proteins, we
transiently re-expressed SPARC in L-1D cells following ade-
novirus-mediated transfer of its full-length cDNA in the
sense orientation. Seventy-two hours after viral transduction,
levels of extracellular N-CAD, CLU, and HSP27 were par-
tially restored to those seen in control L-CMV cells, as eval-
uated by immunoblotting (numbers below bands correspond
to the percentage of OD considering L-CMV as 100%), con-
comitantly with an increase in SPARC production (Fig. 4).
Transduction of melanoma cells with control virus carrying
b-galactosidase led to low to moderate increases in SPARC
expression, a finding consistently observed regardless of
whether the control adenovirus expressed b-gal or another
nonrelated gene such as CRE [31].

3.4 Changes in N-CAD, CLU, and HSP27 levels upon

adenovirus-mediated transfer of SPARC

antisense RNA

In order to confirm that extracellular levels of N-CAD, CLU,
and HSP27 are under direct regulation of SPARC we tran-
siently transduced IIB-MEL-LES melanoma cells with an
adenovirus expressing SPARC antisense RNA (Ad-SPas).
Using adenovirus-expressing b-galactosidase (Ad-bgal) as
control, we showed a decrease of 40% in the levels of SPARC
at 72 h after transduction with Ad-Spas (Fig. 5A). This tran-
sient knock down of SPARC expression in IIB-MEL-LES cells
led to a reduction in the secreted levels of N-CAD and CLU,

Figure 3. Flow cytometry and immunofluorescence analysis of membrane-bound N-CAD expressed in L-1D and L-CMV cells. (A) Flow
cytometry analysis of L-CMV (clear profile) and L-1D (light gray profile) cells stained with anti-N-CAD antibody. Dark gray profile shows L-
CMV and L-1D cells probed with isotypic control antibody. L-1D cells show lower levels of total N-CAD staining.(B) Immunofluorescence
specific for N-CAD (green) in L-CMV and L-1D cells. Confocal microscopy photographs demonstrate a decrease in the overall fluorescent
intensity in L-1D cells compared with L-CMV cells. Cell nuclei were stained with Hoescht 33258 (blue).
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Figure 4. Immunoblotting detection of extracellular N-CAD, CLU
and HSP27 during transient re-expression of SPARC in L-1D
clone. L-1D clone was infected with adenoviruses expressing
SPARC sense sequence (L-1D Ad-SPs) or control b-galactosidase
(L-1D Ad-bgal). AdSPs rescued SPARC expression to that in L-
CMV. Expression of extracellular N-CAD, CLU, and HSP27 was
restored to levels close to those seen in control L-CMV cells.
Numbers below each band correspond to the percentage of OD,
normalized by total protein loading, and relative to L-CMV cells
(100%).

Figure 5. Immunoblotting detection of CLU, N-CAD and HSP27 in
conditioned media of IIB-MEL-LES cells treated with transient or
stable molecular tools used for downregulation of SPARC
expression. (A) IIB-MEL-LES cells were infected with adeno-
viruses expressing SPARC antisense sequence (Ad-SPas) or con-
trol b-galactosidase (Ad-bgal). The transiently induced partial
inhibition of SPARC expression promotes similar changes to
those seen in L-1D and L-CMV cells in the expression of the
selected proteins. (B) IIB-MEL-LES cells were transfected with
two different siRNA-expressing vectors, named 2175 and 321, to
stably knock down expression of SPARC. L-2175, L-321, and L-
BLAST (control) cell lines confirm the expression differences
observed in IIB-MEL-LES-derived L-1D clone and L-CMV cell line.
Numbers below each band correspond to the percentage of OD,
normalized by total protein loading, relative to L-CMV cells
(100%).

respectively and an increase in the secreted levels of HSP27.
This evidence is consistent with a SPARC-specific effect on
the regulation of N-CAD, CLU, and HSP27 extracellular
levels.

3.5 Two SPARC RNAi that block the in vivo

melanoma tumorigenicity confirmed the changes

in the levels of N-CAD, CLU, and HSP27

In order to further confirm that N-CAD, CLU, and HSP-27
are potential mediators of SPARC, IIB-MEL-LES melanoma
cells were transfected with two different RNAis and selected
for 12 days in the presence of blasticidin. We confirmed that
L-321 and L-2175 RNAi expression led to an average of 40
and 60% decreases, respectively, in SPARC mRNA expres-
sion levels compared to control L-BLAST cells as assessed by
real time PCR (data not shown). This decrease in SPARC
mRNA expression was confirmed by immunoblotting of the
secreted protein (Fig. 5B). Confirming the previous data,
expression of both RNAis induced a decrease in the levels of
secreted N-CAD and CLU, with a simultaneous increase in
HSP27 secreted levels (Fig. 5B).

We finally isolated two different stable cell clones (L3B9
and L2F6) that were derived from L-321 and L-2175 RNAi-
transfected bulk cell cultures, respectively. Northern blot
analysis demonstrates a strong decrease in the expression
levels of both mRNA forms of SPARC in L2F6, while L3B9
showed a moderate decrease compared to control cells
(Fig. 6A). This decrease in SPARC mRNA levels was con-
firmed by immunoblotting of the secreted protein (see
Fig. 6C, left panel). Although there was no strict correlation
with SPARC levels, immunoblotting analysis confirmed that
downregulation of SPARC expression in L2F6 and L3B9 cell
clones promoted a decrease in N-CAD and CLU secreted
levels (Fig. 6C, center panels). Levels of extracellular HSP27,
however, did not show statistically significant differences in
LBLAST, L2F6, and L3B9 conditioned medium (Fig. 6C,
right panel).

In previous studies, we have shown that stable or tran-
sient knock down of SPARC expression using SPARC anti-
sense RNA inhibited the in vivo tumorigenicity of human
melanoma cells in nude mice [13]. In order to establish if the
expression of the RNAs might have the same effect we
injected nude mice with tumorigenic inocula of L2F6 and
L3B9. In accordance with our previous results, knock down
of SPARC expression in L3B9 and L2F6 clones strongly in-
hibited or completely obliterated, respectively, their in vivo
tumorigenic capacity, confirming the protumorigenic role of
SPARC in human melanoma cells (Fig. 6B).

4 Discussion

The present study demonstrates that knock down of SPARC
expression in human melanoma cells induced a clear reduc-
tion in the levels of secreted N-CAD and CLU and increased
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Figure 6. In vitro and in vivo characterization of IIB-MEL LES-derived L2F6 and L3B9 clones with stable RNAi-mediated downregulation of
SPARC expression. (A) Northern blot analysis of SPARC expression. Total RNA was extracted from L2F6, L3B9 clones and L-BLASTcell line,
and SPARC mRNA levels were tested with a specific radioactive probe. Housekeeping gene 36B4 expression served as loading control.
SPARC mRNA levels (3.0 and 2.1 kb transcripts) were dramatically diminished in L2F6, and slightly decreased in L3B9 cells. (B) In vivo
subcutaneous tumor growth suppression of clones L2F6, L3B9 with stable expression of SPARC siRNA in athymic (nude) mice. Mice were
injected subcutaneously in the left flank with 56106 melanoma cells. Tumor volumes were determined as described in Materials and
Methods. Inset: Photograph of subcutaneous tumor appearance in 3 mice treated with L-BLAST (left) and 3 mice treated with L2F6 (right) at
the end of the experiment. (C) Immunoblotting detection of CLU, N-CAD and HSP27 in conditioned media of IIB-MEL LES-derived L2F6 and
L3B9 clones and L-BLAST control cell line. Bars represent average of the relative optical densities of scanned immunoblotting bands cor-
responding to 3 biological replicates. Values were first normalized to optical densities corresponding to total protein loading. An unpaired
ANOVA test with Dunnett post test was applied for statistical significance. A representative immunoblot image is shown for each protein
below each plot, along with a representative loading control of total protein stained with Sypro Ruby (right).

secretion of HSP27. We confirmed that the three proteins are
targets of SPARC by using three different strategies for
knocking down SPARC expression in melanoma cells.
Moreover, re-expression of SPARC reverted N-CAD, CLU,
and HSP27 to levels close to those of control cells, indicating
that their secretion is tightly regulated by SPARC. In the
context of this work, we have also developed two new RNAi
against SPARC. RNAi stably expressed in melanoma cells
inhibited their in vivo growth confirming previous evidence
that SPARC has a key role in promoting human melanoma
tumorigenicity [13].

Invasion and spread of melanoma are related to altera-
tions in cell adhesion [32]. Neural (N)-cadherin is a member
of the cadherin family of transmembrane glycoproteins that
mediate calcium-dependent, homotypic cell-cell adhesion.
During melanoma progression to a more malignant pheno-
type, loss of functional epithelial (E)-cadherin (E-CAD)
accompanies gain of expression of N-CAD [33–35]. This

switch is part of the process of epithelial-mesenchymal tran-
sition seen during melanoma development that releases
melanocytic cells from keratinocytes regulation [35]. Here,
we found decreased levels both of membrane and soluble
forms of N-CAD. Interestingly, shedding of the extracellular
domain of N-CAD by proteolysis render a functional form of
this protein [30]. Moreover, ADAM10-induced N-CAD cleav-
age resulted in changes in the cell adhesive behavior indi-
cating that soluble N-CAD might greatly affect the migration
and invasive capacity of tumor cells [28]. Recently, it was
shown that SPARC overexpression induced a decrease in E-
CAD levels in human primary melanocytes, leading to a
promigratory and invasive behavior [36]. The functional
relationship between SPARC and E-CAD was further con-
firmed in melanoma cells. Moreover, a very recent mela-
noma gene expression study showed a concomitant increase
in SPARC and N-CAD in metastatic melanoma biopsies
when compared with nonmetastatic melanoma [37]. Overall,
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our study and the cited references strongly suggest that
SPARC has a key role in epithelial-mesenchymal transition
in melanoma development.

Among the other secreted proteins that were shown to be
tightly regulated by SPARC we found clusterin (CLU). Hu-
man CLU is a highly N-glycosylated, secreted heterodimeric
protein of 76–80 kDa that promotes cell survival while a sec-
ond transcript coding for a smaller 50–55 kDa isoform has a
nuclear localization and was described as proapoptotic [38,
39]. Recent results demonstrated that enhanced human
colon cancer survival correlated with loss of the proapoptotic
nuclear form of CLU and overexpression of its secreted form
[40]. Overexpression of secreted CLU also appears to con-
tribute to enhance bladder cancer cell survival and metastasic
potential [41]. Accordingly, secreted CLU expression
increased with melanoma progression from normal mela-
nocytes to metastatic melanoma [42]. Interestingly, the pos-
sibility of SPARC acting on tumor cell apoptosis rendered
conflicting evidence in other cancer types. In colon cancer, it
was demonstrated that SPARC expression made cells sensi-
tive to proapoptotic chemotherapeutic drugs [43]. Moreover,
SPARC was shown to induce a proapoptotic effect in ovarian
cancer [17]. In contrast, SPARC was shown to promote an
antiapoptotic effect in glioma tumor cells through Akt acti-
vation [44]. Here, we observed that knock down of SPARC
expression led to decreased levels of secreted CLU, leading
us to hypothesize that SPARC might be protumorigenic at
least in part by exerting a CLU-mediated antiapoptotic effect.
However, we were unable to see any evidence of enhanced
apoptosis in SPARC-deficient cells (data not shown), sug-
gesting that CLU may mediate SPARC effects through addi-
tional pathways. Interestingly, secreted CLU and SPARC
were shown to be coregulated in secretomes of Smad4(1)
and Smad4(-) colon carcinoma cell lines [45, 46]. Moreover,
TGFb1 enhanced s-CLU protein and mRNA levels in a vari-
ety of cell types [47, 48]. The existence of a positive feedback
loop between SPARC and TGFb1 that was shown to affect
tumor-stroma interaction [49–51], raises a potential link be-
tween SPARC, CLU, and TGFb.

Although HSP27 is an intracellular protein, recent
papers reported its extracellular release [52, 53]. HSP27 role
in tumorigenesis is still controversial. In most cancer types,
HSP27 was suggested to play a role as an antiapoptotic mol-
ecule [54]. In addition, overexpression of HSP27 increased
the in vivo tumor aggressiveness in different models of colon
and breast cancer [55, 56]. In contrast, overexpression of
HSP27 was shown to inhibit the in vitro and in vivo aggres-
siveness of human melanoma cells [57]. Moreover, mela-
noma cells overexpressing HSP27 showed reduced cell inva-
siveness and decreased secretion of MMP-2 and MMP-9 [58].
These data clearly indicates an antitumorigenic role of
HSP27 in melanoma which is consistent with the increased
levels observed in melanoma cells with restricted SPARC
expression. The lack of significant changes in HSP27 levels
in cloned cells with restricted SPARC expression following
RNAi expression is still unclear and remains open.

It is worth mentioning that only four out of the 13 iden-
tified differential proteins are classical secretion proteins
(i.e., CLU, SPARC, collagen I, collagen V). Among the rest,
we found proteins from membrane, cytoplasmic or nuclear
origin, in accordance with several other studies that describe
secretomes [45, 46, 53, 59, 60]. One of the most interesting
sources of secretion of intracellular content is the exosome
[61]. Cytoskeletal proteins such as actin and tubulin, and
several heat shock proteins including HSP27 [62] are con-
tained in exosomal particles released into the extracellular
medium by various cell types, including tumors, where they
appear to be involved in tumor cell recognition by the
immune system [63].

In summary, our results suggest that the concomitant
decrease in the secreted levels of SPARC, N-CAD, and CLU,
along with an increase in HSP27 levels may act synergisti-
cally in the abrogation of tumor progression. Our proteomics
approach has proved to be a unique strategy to find SPARC-
mediated molecular relationships that were not previously
suggested by the literature. While it is difficult to anticipate
the conveying molecular pathways, our findings, along with
previous data from the literature, suggest that SPARC is a
key element in the process of epithelial-mesenchymal tran-
sition that leads to increased melanoma growth and aggres-
siveness.
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